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What happens here? 


if (grade >= 80) 
if (grade >= 90) 
System.out.println("gets an A."); 
else 
System.out.println("lower than B."); 


The else is paired with the nearest unmatched if. So, 
the computer reads it as: 


if (grad >= 80) 
if (grad >= 90) 


System.out.println("gets an A."); 
else 


System.out.println("lower than B."); 


This is known as a dangling else and is an error that 
can be very hard to track down. So, be careful! To correct 
this, you can either put in an “empty statement” — ie. a 


semicolon by itself... 
if (grade >= 80) 
if (grade >= 90) 


System.out.println("gets an A."); 
else 


; 
else 


System.out.println("lower than B."); 





...or (better!) remove ambiguity and make the nested if 
a clearer statement by using braces... 


if (grade >= 80) 


{ 
if (grade >= 90) 
System.out.println("gets an A."); 
t 
else 


System.out.println("lower than B.") ; 


...or else (best of all) rearrange the logic. 


if (grade < 80) 
System.out.println("lower than B."); 

else if (grade >= 90) 
System.out.printin("gets an A."); 


Boolean Expressions 


e As we stated earlier, conditions are just boolean ex- 
pressions — expressions whose values are boolean (true 
or false). 


e We have the relational operators: < (less than), > 
(greater than), <= (less than or equal to), >= (greater 
than or equal to), == (are equal) and != (are not equal) 


e We also have the logical operators: 


| | (or) 
&& (and) 
| (not) 
(exclusive or, also called xor) 


e These operators are very common all over computer 
science. 


X or Y -- true if either X is true, 
or Y is true, or both 
X and Y -- true only if both X and Y are true 
not X -- returns the opposite of X 
X xor Y -- true if X is true, or Y is true, 
but false if both X and Y are both true 


e These kinds of relationships are often described via 
the use of truth tables 


The truth table for A || B,i.e. A OR B: 





xX Y ~~ Result 
false|false false 
false| true 





true 
true |false| true 


true | true true 

















The truth table for A && B,i.e. A AND B: 





xX Y ~~ Result 
false|false false 
false| true 





false 
true |false false 


true | true true 

















The truth table for A ~ B,i.e. A XOR B: 





xX Y | Result 
false|false false 
false; true true 
true |false) true 
true | true false 




















The truth table for !A, i.e. NOT A: 





X | Result 
false| true 
true | false 




















Boolean expressions can be used to make complex condi- 
tions. 








Result Expresion: (X && !Y) || (Z 7 X) 

X Y Z WY |X && !Y |Z X| Result 
false | false |false| true false false) false 
false |false| true | true false true true 
false| true | false| false false false) false 
false} true | true |false false true true 
true |false|false/} true true true true 
true |false| true | true true false | true 
true | true | false | false false true true 
true | true | true | false false false) false 





























The first three columns are the three boolean variables 
in the expression above, namely X, Y, and Z. ‘The fourth 
column gives us NOT operating on the second column, 
and the fifth column gives us the AND of the first and 
fourth columns. The sixth column gives us the XOR of 
the third and first columns, and the seventh column — the 
result — is the OR of the fifth and sixth columns. 


Now, replace the boolean variables X, Y, and Z with 
conditions you might actually see in code: 


X: myAge != 23 
Y: brotherAge < 16 
Z: dadAge > 50 


and you get something like this: 


((myAge != 23) && !(brotherAge < 16)) || 
((dadAge > 50) ~ (myAge != 23)) 


and we know from the previous truth table that this ex- 
pression is true only when the conditions are those on 
lines 2, 4, 5, 6, of 7 of that table. 


Non-short-circuiting operators 


The && and || operators are short-circuiting, that is, 
they don’t evaluate the second expression of the two if 
the answer to the overall expression is already known. 


Example: 


if ((x != 0) && (y/x < 70.2)) 
System.out.println("Condition satisfied!"); 





In the boolean expression above, the first thing to be 
evaluated is the truth or falsehood of the left side of the 
&& operator. Assume x is zero; if so, this expression we 
are trying to evaluate — namely, x != 0 — evaluates to 
false. And in that case, we know what the result of the 
entire expression will be! Since an AND expression is 
only true if both operands are true, and since we know 
the value of the first operand is false, we know the entire 
AND expression must evaluate to false regardless of 
the value of the second operand. 





On the other hand, if x held a non-zero value, then the 
first expression — the x != 0 expression — would evaluate 
to true. In that case, the AND expression could still 
evaluate to true or to false, depending on the result of 
the evaluation of the second operand. So, because of that, 
we must evaluate the second operand (y/x > 70.2) to 
know for sure what the result of the AND expression is. 

You can see how that might be helpful; in the expression 
above, we don’t want to evaluate y/x if x is zero, since 
the subsequent division-by-zero operation would crash 
our program. But since the short-circuit property of the 
&& operator prevents that second expression from being 
evaluated when x is zero, our program is safe! Also, of 
course, there is a time savings as well: if we avoid eval- 
uating the second operand in situations where the result 
of that evaluation would tell us nothing, then with that 
evaluation avoided, our program will run faster. 

Likewise, for the OR operator, if the first operand eval- 
uates to true, the second operand won't be evaluated, 
since the first operand being true means the entire ex- 
pression must be true regardless of the value of the sec- 
ond operand. 








However, there are also non-short-circuiting operators: 


Non-short-circuit AND: Single ampersand 
Non-short-circuit OR: Single vertical bar 


These operators are used the same way: 


Example: 


if ((x != 3) & (y/x < 70.2)) 
System.out.println("Condition satisfied!"); 





with the only difference being that the second operand 
is evaluated even if the truth or falsehood of the entire 
expression has already been determined. 

Why would we want to do this? Well, there are times 
when the second operand might generate some side-effects 
of some kind — an assignment, a method call, or some 
other such thing. (We'll see an example once we discuss 
methods.) In that case, we want to make sure the second 
operand is evaluated — not because we care whether it is 
true or false — but because there are things that occur as 
a result of that evaluation that we want to see occur. 

Situations where the non-short-circuit operators would 
be required are rare; usually, the short-circuit operators 
will work just as well, and will also save us time by not 
evaluating that second expression if such evalutation is 
unneeded. 








Two final points: 


A question: why doesn’t XOR have a short-circuiting 
and a non-short-circuiting version, like AND and OR 
do? ‘Think about this for a bit; if you have never dealt 
with boolean expressions before, the answer may not 
be immediately obvious, but there 7s a reason. 











Section 4.3 in the text covers the switch statement, 
which is essentially an alternative to coding a long list 
of else if parts of a large conditional. We won’t be 
discussing this statement formally in class, and there- 
fore we won’t be testing you on it. However, we en- 
courage you to read through this section and famil- 
iarize yourself with this statement. Though it doesn’t 
offer any power that you don’t already have with the 
if-else statement, the switch statement can some- 
times be a useful syntactical alternative. 


